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[Name of Document] SPECIFICATION 



[Title of the invention] ELECTRONIC DEVICE AND METHOD FOR 

PRODUCING THE SAME 

[Claim] 

[Claim 1] An electronic device in which a lower 
electrode layer comprising a material capable of reactive- 
ion etching with a fluorine-based gas is formed on a single 
crystalline base plate or single crystalline film, or on a 
triaxial or uniaxial orientation film, an upper electrode 
layer comprising a material capable of reactive-ion etching 
with a chlorine-based gas being formed on the lower 
electrode layer. 

[Claim 2] A method for producing an electronic device 
in which a pattern is formed by etching a substrate film 
comprising a material capable of reactive-ion etching with a 
fluorine-based gas and formed on a single crystalline base 
plate or single crystalline film, or on triaxial orientation 
film or uniaxial orientation film, and a thin film 
comprising a material capable of reactive-ion etching with a 
chlorine-based gas, wherein 

the thin film is etched by a reactive ion etching with 
a gas containing the chlorine-based gas, followed by etching 
the substrate film exposed from this thin film by a reactive 
ion etching with a gas containing the fluorine-based gas. 



[Claim 3] A method for producing an electronic device 
according to Claim 2, wherein the substrate film contains at 
least one element among Si, Mo, W, B, C, S and Ta. 

[Claim 4] A method for producing an electronic device 
according to Claim 2 or Claim 3, wherein the film thickness 
of the substrate film is 0.5 nm to 1000 nm. 
[Detailed Description of the Invention] 

[0001] 

[Industrial Field of the Invention] 

The present invention relates to an electronic device 
and a method for producing the same. In more detail, the 
present invention relates to an electronic device such as a 
semiconductor integrated circuit, a semiconductor device or 
a surface acoustic wave (SAW) device, and a method for 
producing the same. 

[0002] 

[Description of the Related Art] 

When a reactive-ion etching (RIE) is applied to an 
aluminum alloy electrode film 2 formed on a single 
crystalline base plate 1 for use in surface acoustic wave 
devices, the surface of the electrode film 2 is covered with 
a photoresist 3 to mask the patterned photoresist 3 as shown 
in FIG. 1, followed by a selective etching using a chlorine- 
based gas such as Cl 2 or BC1 3 . However, the electrode film 2 
is not always completely removed and sometimes left behind 
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on the single crystalline base plate 1 owing to 
heterogeneous distributions of the film thickness of the 
electrode film 2 or reactive-ion etching rate on the surface 
of the single crystalline base plate 1 as shown in FIG. 1(a) 
A residue eliminating process called an over-etching becomes 
therefore inevitable in order to completely remove the 
electrode film 2 without leaving any residues behind. As 
shown in FIG. 1(b), an over-etching treatment by 5 to 50% 
excess of the overall etching time under a conventional 
etching condition is applied in the over-etching method as 
shown in FIG. 1(b), thereby slightly etching into the single 
crystalline base plate 1. 
[0003] 

However, the portions where the electrode film 1 has 
been removed and the single crystalline base plate 1 has 
been exposed are exposed to chlorine plasma during the over- 
etching time. Consequently, the single crystalline base 
plate 1 is damaged forming damaged layers 4 as shown in FIG. 
2, thereby deteriorating characteristics of the acoustic 
surface wave device. 

[0004] 

[Problems to be Solved by the Invention] 
It has been a common view that the cause of the base 
plate damage due to over-etching as described above is a 
physical damage caused by impact of ions colliding with the 
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base plate during the reactive-ion etching. Accordingly, 
the base plate damage due to ion irradiation has been 
suppressed by the following method of: (l) reducing the ion 
irradiation energy; (2) improving homogeneity of the ion 
etching rate; and (3) detecting the etching terminal point 
with high precision. However, it was impossible to 
completely inhibit the damage of the base plate by the 
conventional method, although it can be reduced. 
[0005] 

The object of the present invention, carried out by 
taking the foregoing problems into consideration, is to 
reduce the damages of the base plate by the reactive-ion 
etching during production of the electronic device. 

[0006] 

[Disclosure of the Invention] 

The inventors of the present invention found, through 
collective studies, that the damage of the base plate is not 
simply caused by a physical damage with ions, but is caused 
by a chemical damage that disturbs crystallinity of the 
single crystalline base plate by allowing chlorine (ions, 
atoms, molecules or radicals of chlorine) to diffuse into 
the single crystalline base plate or single crystalline film 

[0007] 

The electronic device according to the present 
invention was obtained on the basis of the facts found by 
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the inventors of the present invention, providing an 
electronic device in which a lower electrode layer 
comprising a material capable of reactive ion etching with a 
fluorine-based gas is formed on a single crystalline base 
plate or single crystalline film, or on a triaxial or 
uniaxial orientation film, an upper electrode layer 
comprising a material capable of reactive ion etching with a 
chlorine-based gas being formed on the lower electrode layer. 
Functional single crystalline materials such as 
piezoelectric substances, dielectric substances, 
pyroelectric substances, semiconductors and magnetic 
substances are used for the single crystalline base plate or 
single crystalline film, or for the triaxial or uniaxial 
orientation film depending on the kind of the electronic 
device. Especially when the electronic device is an 
acoustic surface wave device, a piezoelectric substance such 
as LiTaO a , LiNb0 3 , quartz, Langasite or LBO is used. 
[0008] 

The chlorine-based gas used for the reactive ion 
etching refers to a gas containing chlorine, for example a 
gas containing at least one of Cl 2 , BC1 3 , SiCl 4 , CC1F 3 , CHC1F 2 , 
CC1 2 F 2 , CHC1 2 F, CHCI3, CCI3F and CH 2 C1 2 . On the other hand, 
the thin film formed on the single crystalline base plate or 
single crystalline film, or on the triaxial or uniaxial 
orientation film may be a conductive material or 
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semiconductor containing at least one element capable of 
reactive ion etching with a chlorine-based gas, example of 
which including at least one element among Al, Cu, Ti, Cr , 
Ga, As, Se, Nb, Ru, In, Sn, Sb, Ta or Au. 
[0009] 

The electronic device is produced by forming a 
substrate film comprising a material capable of reactive 
etching with a fluorine-based gas and a thin film comprising 
a material capable of reactive etching with a chlorine-based 
gas on the single crystalline base plate or single 
crystalline film, or on the triaxial or uniaxial orientation 
film, followed by etching the thin film by the reactive ion 
etching with a gas containing a chlorine-based gas, the 
substrate film exposed from the thin film being further 
subjected to the reactive ion etching with a gas containing 
a fluorine-based gas. 

[0010] 

Since the substrate film capable of reactive ion 
etching with the fluorine-based gas is formed under the thin 
film, the reactive ion etching with a gas containing the 
chlorine-based gas is stopped when the substrate film is 
completely exposed in the etching area while applying the 
reactive ion etching with a gas containing the chlorine- 
based gas. The process described above allows chemical 
damages of the single crystalline base plate or single 



crystalline film, or of the triaxial or uniaxial orientation 
film with chlorine to be prevented. 
[0011] 

For exposing the single crystalline base plate or 
single crystalline film, or the triaxial or uniaxial 
orientation film by removing the substrate layers, the 
substrate exposed from the thin film by the reactive ion 
etching with a gas containing the chlorine-based gas is 
removed by the reactive ion etching with a gas containing 
the fluorine-based gas* 

[0012] 

According to the studies by the inventors of the 
present invention, it was made clear that crystals in the 
single crystalline board or single crystalline film are not 
subjected to chemically damages when fluorine (ions, 
molecules, atoms or radicals of fluorine) is used. 
Accordingly, the single crystalline board or single crystal 
film is never damaged when the exposed substrate layer is 
further etched by the reactive ion etching with a gas 
containing the fluorine-based gas to expose the single 
crystalline base plate or single crystalline film, or to 
expose the triaxial or uniaxial orientation film, making it 
possible to stabilize device characteristics* 
[0013] 

Since the damage of the base plate by the reactive ion 
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etching had been considered to be a physical damage in the 
conventional view, the same sort of damages was also 
considered to be caused irrespective of the kind of gases. 
Accordingly, it was impossible in the prior art to 
completely suppress the damage of the base plate, through it 
may be somewhat reduced. In the method according to the 
present invention, on the contrary, damages of the base 
plate by the reactive ion etching can be prevented, enabling 
to improve the characteristics of the electronic device. 
[0014] 

The substrate capable of reactive ion etching with the 
fluorine-based gases contains at least one element among Si, 
Mo, W, B, C, S and Ta with a preferable film thickness of 
0.5 to 1000 nm. The substrate with a thickness of thinner 
than 0.5 nm may be perforated by the reactive ion etching 
with the chlorine-based gas while, when the thickness is 
larger than 1000 nm, the processing time is prolonged or the 
processing accuracy is decreased . 

[0015] 

The fluorine-based gas to be used for the reactive ion 
etching of the substrate may contain at least one kind of 
the gas among CF 4 , CHF 3 , F 2 , NF 3 , CC1F 3 , C 2 F 6 , CBrF 3 , CH 2 F 2 , 

CHC1F 2 , C 3 F 8 , CC1 2 F 2 , C 4 F 8 , CHC1 2 F, CBr 2 F 2 and CCl 3 F. 
[0016] 

[Description of the Embodijiient ] 




The embodiment: of the present invention will be 
described with reference to the attached drawings using the 
acoustic surface wave device as an example. As shown in FIG. 
3(a) , a substrate film 12 made of tungsten with a thickness 
of 10 nm is at first deposited by sputtering on a single 
crystalline LiTa0 3 base plate with a diameter of three inches* 
While the substrate film 12 is not exposed to the air (by 

i 

keeping a vacuum in the sputtering apparatus ) , an electrode 
film 13 with a thickness of 100 nm consisting of Al 
containing 1% by weight (wt%) of Cu (referred to Al-lwt%Cu 
hereinafter) is deposited by sputtering on the substrate 
film 12 as shown in FIG. 3(b). Then, a photoresist is 
coated on the electrode film 13 consisting of Al-~lwt%Cu, 
followed by forming a resist pattern 14 with a line width 
(L/S) of 0.5 and film thickness of 1 jum by forming a 
pattern of the photoresist by a photolithography process as 
shown in FIG. 3(c). 
[0017] 

The electrode film 13 as a lower layer of the 
substrate film 12 is removed by the reactive ion etching 
using the resist pattern 14 as a mask. The first reactive 
ion etching step is carried out with a parallel plate RIE 
apparatus using a mixed gas with a composition of (BC1 3 + Cl 2 
+ N 2 ). It is needless to say that a high density plasma 
source such as ICP, ECR and Helicon may be used instead of 
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the parallel plate RIE apparatus. An over-etching time 
corresponding to 30% of the overall etching time was used 
for the first reactive ion etching step. The electrode film 
13 consisting of Al-lwt%Cu is thus dry-etched, obtaining the 
lower electrodes with a prescribed pattern as shown in FIG, 
3(d)/ 

[0018] 

Since the etching rate of the substrate film 12 made 
of tungsten with the chlorine-based gas (chlorine plasma) is 
one tenth or less slower than the etching rate of the 
electrode film 13 consisting of Al-lwt%Cu, the substrate 
film 12 is hardly etched. Accordingly, residues of the 
electrode film 13 is completely removed by the sufficient 
over-etching treatment. Since the LiTa0 3 base plate 11 is 
not exposed at the portions where the electrode film 13 is 
removed, the LiTa0 3 base plate 11 is protected with the 
substrate film 12 to prevent the plate from being damaged 
when the reactive ion etching with a mixed gas containing 
the chlorine-based gas is applied. 

[0019] 

After completely evacuating the mixed gas of (BC1 3 + 
Cl 2 + N 2 ) from the chamber of the RIE apparatus and before 
exposing the LiTa0 3 base plate 11 to the air, it is subjected 
to the reactive ion etching with the fluorine-based gas to 
remove the substrate film 12 as shown in FIG. 3(e), The 
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reactive ion etching in the second step is applied with the 
parallel plate RIE apparatus using a mixed gas of (CP 4 + O a ) . 
The over-etching time also corresponded to 30% of the 
overall etching time. The substrate film 12 is thus dry- 
etched , giving a pattern of the lower electrode 16 with the 
same configuration as that of the upper electrode 15 as 
shown in FIG. 3(e). 
[0020] 

When the substrate layer 12 is removed to completely 
expose the LiTa0 3 base plate 11 , residues of the substrate 
layer 12 can be thoroughly removed by a sufficient over- 
etching treatment since the LiTa0 3 base plate 11 is not 
chemically damaged with the mixed gas with a composition of 
(CP 4 + 0 2 ). 

[0021] 

A comb-teeth shaped dual layer electrode consisting of 
the lower electrode 16 (tungsten) and upper electrode 15 
(Al-lwt%Cu) as shown in FIG. 3(f) is obtained by washing 
after removing the resist pattern 14 with a resist peeling 
solution. This base plate (parent plate) is cut-off , 
assembled and wired to obtain the acoustic surface wave 
device. 

[0022] 

As hitherto described, good device characteristics can 
be obtained in the foregoing embodiment irrespective of 
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applying a sufficient over-etching treatment in the first 
and second reactive ion etching steps* In the conventional , 
art, on the other hand, the base plate is chemically damaged 
with the chlorine plasma when subjected to an over-etching 
treatment of as large as 30%, resulting in severe 
deterioration of the device characteristics (such as 
insertion loss). 

[Brief Description of the Drawings] 

[FIG* 1] FIG* 1(a) and FIG, 1(b) denotes cross 
sections showing the reactive ion etching steps using a 
chlorine-based gas in the conventional art. 

[ FIG. 2] FIG. 2 shows a cross section of a base plate 
damaged by over-etching. 

[FIG. 3] FIG. 3(a) to FIG. 3(f) denote cross sections 
showing the electrode forming steps according to one 
embodiment of the present invention. 
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[Name of Document] ABSTRACT 
[Abstract] 

[Object] The object of the present invention is to reduce 
damages of the base plate when the electrode patterns are 
formed by the reactive ion etching. 

[Solving Means] A substrate film 12 made of tungsten is 
deposited on the LiTa0 3 base plate 11, on which an electrode 
film 13 consisting of Al-lwt%Cu is deposited. A resist 
pattern 14 is formed on the electrode film 13. The 
electrode film 13 is removed by the reactive ion etching 
with the chlorine-based gas to expose the substrate film 12 . 
Then, residues of the substrate film 12 are completely 
removed with the fluorine-based gas to expose the base plate 
11. 

[Selected Figure] FIG. 3 





3£ q? 

a ~ 

5<H ^« 

i * 



V 
Q 



38 
531 



a 

i j> 



1 



v 



m 



s. 



a 



Ml 

H 



TIT I 



H 

si 

V 



ISJ 



0 " 



or ip 



04 



Mi 

H 



V ^ 

2 ^ 

pi- 

1 



rv 



H 

M 

531 ^ 



to 
tc 

-r, 
Mi 

H 
V 

rr 
rv 

5^1 



Mr 

V ( 

^ v. 



S* # 

° M 

V 



91 



PC 



° xl 



Q 
Si 



nr 

o 



H 
V 



a n 
H n> 
H 



4v Mi 

V H 
M^ 4 



H 

M 

V 



rttti 

3 



H 
<* 

6 
53 



3 rv 



m 

^■ 
v 

ft 

mil] 
{tm^l 

PR 



94- 



4^- 



PR ^ 



mi 
< 



Mi 

H 



(^4 

r 

Mr 



4$ 

CO 



CO 



o 

H 

Mi 

H 



Hlfi ^ ( 
» V 

( # 



[ 

rv 

o 

t J 

9+ 

[ 



3} 



~7l 



iSi St 
Q 0^ 



91 

I — ' 

rv 



4^- 

fO 

3 



2 

5- 

Ml 

(Sit 



m 













• 


































H 
5$ 




rv t~i 

rv 

&• SB 
FT 0* 

1 ^ 

rttt* 

* — i 
W 

ri 
9+ 



3g 



v 

Mi 

m k; 

V ^ 

m at 



v 



BK 3t H 

1 Mi 

> Bi H 

M © -H- 



a 



l§t" 



m 

KF 



4t q ffr 

✓ la 



4 
I 



as v 



V 

5? 



© 

H 

M 

V 

I 



u 1 * 



Mi fife 
H ^4 



&4 
o 



t,i>. 



© pi- 

H r 



© 

Ml 



W4 



H 

rr 

rw 
9-r 

0 



© 



-* © Jfl ^ © <S 



Mi 



GO 



H 
m 

V 

>+ 

H 

Ml 

H + 
4 

ri 



i 

CO 

© 



3t 



$11 
H ^ 

Mi 0 

H 

, n . 
* • 
O 

+ 
I 

O 

w 

t-rj 
-x- 

+ 

CD 
<* 

o 

CO 

+ 

i 

o 

ro 

+ 

03 



rv 



M- 

V 



© *t 

^ id- 

C/3 



© 

H 
<- 



rv 



© ri 

© ° 



V 
ri ^ 

-7; H 
Ml M: 

H V 

M ^ 
^ OA- 

V J* 

rj ° 
ft ^ 
Q 
Ft 



J5I ^ 



rv* 

© 3 



Sir SI 



[tlli 

rv 



3. 



r 

8- 





3 H g ^ 
H ?S O ° 



n ro o 

^ n x 

* ST* " 

" o 

o re 

*r > 



o 



X X 
~ X 

hi 

o 



o 



o 

X 

X 

o 

o w 
o 



a — 



> 



•T3 O H 



> 



,5 



o > o o o 

o ^ **i o ^ 

? I 9 h 

O 3 



tr. O 



O 

Cd 

o 



2 


HF 




+ 




EC 


2 
o 

w 


O 


+ 




X 




2; 




0 





4^. 



fc=f- 

H 



0 



« ^1 

H I IV 



^ (X, 

^ © 

rr 

A. 

V 
a- 

a* 

rA © 

9^ 



© 



rv 
r\ 

o 



H 

\i o> 

V rA 



S, 

Mi 

H 

© * 

Ml 



© 



© 

ri 

Vt- 



fx 

pit- 



(V 

n 



ffl 

0 



r 

9+ 

H 

Mr. =Dr 



>i EE 

^ 0 



)— t 



3 

i T T I 



OO 



CO 



H 








Mi 






[ 


H 


Mi 


• 






M 




1 1 


© 


St 








H 


KF 






Mi 






© 


H 




© 






© 






© 










M 






& 


• 














© 












miill 








-X 








V 


8 


We 




rt 0 
I 














V 




«; 




>J 








as 




Mr 




s 




a 

4 





V 



© 



H 
v. 



o 



Mi 

H a. 



H 
V 

SI =Dr 
Sfv & 

m EE- 

© 55 



V 

Mr, 

?*• H 

^ Piv 



^5 



a- 

1^ 



EE 

H H 

* St 

EE 36 

rv Mr 

5+ ( 

V 



<~i M 











CO 












\It 






V 


H 




M 






VLO, 


V 














<r 


t*. 






0 














EE 





K 



o 

ro 

O 

U3 



o 



n 
o 

n 
o 

o 



CO 

2- 

I 

CO 



CO 

o 

tv3 



O x<si 



1 O) 



co 
?3 



n 

a. 

o 

CO 

o 



o 
o 

n 



o 
o 



o 



CO 

co 
o 



CO 

o 
o 

n 
o 



G 



o 
n 

CO 

o 



O 
># 

n 



o 



00 # ^ 

CO -0 

3 3 



* 



00 ^> 
•<j 00 cn 



3 



3 



2 

3. 



H 

V 



H 
V 



51 



591 



CO 

H 
<- 

V 

(V to 

5t -7; 
St 

cite ^ 



CD CO CO CO CO CO 
(J) Ol tti CO tO M 



cn co co in co *—* 

^ s; s; ^ 

ft> fO ftf CO £0 

5*T ?y* PC ?T PT *~ 3 

CO CO CO ft3 CO C 

3 3 3 3 3 p£ 

C* (T) 

Co po fti fo co 

fD Q (T) (D (D 1 

r-r <-l- r+ <-i- r-h Q 

W ^ ?J CO C7Q 

* * * * 

X) *0 £T X) X-\ O 

P P § P § S" 

> > p- > cr 

•O T3 *< T3 

* * ^^^^ 4 ^^^^ 

H-yt ("1" !~T* <~^~ 

^< r- ^ 

C/) C/5 _ CO ,_ 1 — 1 

. . CO . Ol 

CO CO CO vF° 

00 to 

— 1 ^ OO 
►f 5 * CO 
I — 1 

^ _ co c: ^ 

S ^ g 5 <° 

CD CO o CO 

cn co co 

^ Cn ^ 



^1 

00 



cn 




m 3 

at ^ 



f i 



3 



0* 



[ 

nfc 



o 

CO 



4n? 



1 

to 

CO 

00 

*0 £U 



3 



U 

x 

r< 

(V 

m 



A 



v 

I 

» 

Billl 



V 



CO 

w 

I 

^) 
co 

CO 

I 



cn 

I 

O 

CO 

o> 
cn 
cn 



X 
o 



o 

• 

CO 

w 
w 



to 
to 



W 
3 




5{ ^ 



m 



5 Tv 



-fl- ^ 

)S* 0 

TT\ 0 
L_j 1— t 

' — o 

t 



2 #1 ^ fjj. Jm nil Jt( 



co 



2t 



»— » 

CO 
DO 
CO 
4^ 



<r> 

« - >4 
00 N 



to 



•t^ ir^ 



4tt n% 

H> » ^ # 



3 

am 



Sir 





C£3 

to 
in 

to 

00 



to 
to 

ia 

on 



1 



